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fuelscontainingextremelysmallparticlesofmagnesiumwere
concentratingthediluteslurryproductresultingfromthe—

shock-coolingofmagnestummetalvaporswitha liquidhydrocarbonspray.
A completedescriptionoftheequipmentandprocedureusedinpreparing
thefuelisgiven.Ninety-fivepercentbyweightofthesolidparticles
formedby thtsprocesspassedthrougha 100-meshscreen.Theparticle-
sizedistributionofthescreenedfractionofonerun,as determinedby

-1
sedimentationanalysis,indicatedthat73percentby weightofthemetal

h
T particleswerefinerthan2 micronsinequivalentsphericaldiameter.. . Thepurityofthesolidparticlesrangedashighas98.9percentby

weightoffreemagnesium.Thescreenedproductwasconcentratedlymeans
s ofa bowl-typecentrifugefrom0.5tomorethan50percentbyweightof

solidscontenttoforman extremelyviscous,clay-likemass.By thead-
ditionofa surface-activeagent,thisviscousmaterialwasconverted
intoa pumpableslurryfuel.

INTRODUCTION

Theoreticalcombustionstudiesat theNACALewislaboratorywith
concentratedsuspensionsofmagnesiumparticlesinhydrocarbonindicated
thatgreaterthrustisobtaihedwiththeseslurryfuelsthanwithconven-
tionaljetfuels(ref.1). Thiswasconfirmedexperimentallyina sim-
ulatedafterburnerwiththeadditionaladvantageofbettercouibustion
stability(ref.2). Furtherinvestigationsindicatedthathigherblow-
outvelocitiesandhighermetalcombustionefficienciesresultas the
particlesizeofthemagnesiumisdecreased(refs.3 and4). Sinceno
commercialsourcesofa sizablequantityofveryfinemagnesiummetal
powderwerefound,an investigationwasundertakento developa practical
methodofpreparingslurryfuelscontainingparticlesofmagnesium
approximately1 to 2 micronsindiameter.

.-
. —.

a Variousmethodsforpreparingfineparticleswerestudied.Milling
operationswerenotentirelysatisfactorybecauseofthelongmilling
time,pooryields,andtheflattenedshapeoftheproduct.A c~rcial.
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productpreparedby atomizationofthemoltenmetalgaveonlyverysmall
yieldsinthedesiredparticle-sizerange.Themethodofpreparingex- .-
tremelysmallmagnesiumparticlesby vaporcondensationheldthegreatest
assuranceofsuccessfulresults(ref.5). This methodconsistedinpass-
inghotvaporsthrougha Jetorsprayofa coldfluidto coolthevapor
rapidlytoa lowtemperature.Veryfineparticles(0.1to 0.6I-L)of
solidwerereportedtoformasa resultofthesuddenquenchtig.

Thevapor-condensationmethodhasbeenusedInthecommercialpro-
—

ductionofmetallicmagnesiumprimarilyto Inhibitthereoxidationof #
themagnesium;butan undesirableeffect,froma refiningviewpoint,was
theformationofa crudeproductofextremelyfinepowder(ref.5). The
methoddiscussedinreference5 consistsinquenchingmagnesiumvapors
withcoldnaturalgasinsteadofhydrogen’asusedintheoriginal
Hansgirgprocess.Theprocesswasfurthermodtiiedbysubstitutinga
volatileliquidasthequenchmedium(refs.6,7,and8). Variousphases
of thelattermodificationwereadaptedforthepresentinvestigation
becausethefinelydividedproductwassim~~artothatdesiredforfuel
prepa~ationj theuseofa liquidhydrocarbonasthecondensingmediumwas
especiallydesirablesincethefinalproductwasintheformofa slurry

—

requiringonlyconcentrationandtheadditionofadditivestomakeit
suitableforcombustionstudies. t ““

.

Thisreportdescribestheequipmentandmaterialsusedinvaporizing
thema~esiummetal,rapidlycondensingitsvapor,separatingthemetal #
p=ticlesandhydrocarbonfromtheinertinggas,andconcentratingthe
magnesiumsuspension.Theworkcoveredinthisreportwascarriedon
fromAugust,1952,toAugustj1953.

DESCRIPTIONOFl?RXXSSANDAPPARATUS

Process

Magnesiummetalwasvaporizedbyheatingthematerialtoabout
2000°F. Hotheliumgaswasusedtomaintainthevaporizingpotat a.. ..
pressureofapproximately3.5poundspersij@reinchgage.Thehotvapors
werepassedthrougha heatedorificeandintothepathofa seriesofhy-
drocarbonsprayswherecondensationofthemagnesiumvaporintominute
particlesof solidtookplace.Thesolidparticleswerecarriedbyhydro-
carbonliquidintocollectorsfollowingseparationfromtheheliumgasand
somevaporizedhydrocarbon.A vacuumwasmaintaineddownstreamofthe
orifice.

Apparatus

Theequipmentinthemagnesiumvaporizationunitwasarrangedas
shownintheflowsheetandschematic‘Magram

b-
.*...., ..4-

(figs.land 2).‘Theunit
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consistedofa vaporizingfurnace,a shock-coolingcondenser,a meansfor
d separatingandcollectingtheproduct,andauxiliaryequipment.The

equipmenttobe describedwasdevelopedasa resultoftestrunswith
severalearlierdesigns.

An Inconelresistanceheaterpreheatedthehelium,whichenteredthe

vaporizingfurnacethroughthel&inchpipeinthetopofthepot. Power
wassuppliedtotheticoneltubingfroma 3CX)-ampered-cweldingunitand
wascontrolledby adjustingthevoltageandamperage.

Thevaporizingfurnacewasa mild-steelpotsurroundedby asbestos
insulationandheatedbyinduction(fig.3). Thepotwasconstructedby
weldingplatesontheendsofa 9-inchsectionof standard4-inchpipe.
Threadedopeningswereprovidedatthetopofthepotforentryofa
l~inchfeedpipeandseveralthermocouples.A sideoutletwascentered

7+inchesfromthebottomplate.
#
B Thepotwasheatedby meansofa 30-kilowatthigh-frequencyinduction

g:
unit. A magneticfielddevelopedaroundan eight-turncoil,whichhada
$-inchinsidediameterandwasmadeofl/4-inchcoppertubing.A 3/8-

W inchspacingbetweenturnswasmaintainedbyblocksofasbestoscement.

Thevaporizingpotwasconnectedthroughthesideoutletto the
shock-coolingcondenserby a 1$ inchpipenipplecontaininga replaceable
l/4-inchconverging-divergingstainless-steelorifice.Becauseof con-
densationofthemetalvaporsat theorificeandinthepipingbetween
thepotandtheshock-coolingcondenser,thetiductioncoilwasextended
toheatthissection(fig.3). Thisportionoftheinductioncoilhada

7 .

2$inchtisidedismeter,sixturns,andl/2-inchspacingbetweenturns.

Theshock-coolingcondenserwasdesignedtoprovidea curtainof
coolantinthepathofthehotmetalvaporscomingfromthepotwithout
coolingtheinterveningpiping(fig.3). Threehollow-conespraynozzles,
oneratedat 10.5gallonsperhour(60°includedsprayangle)andtwoat
21.5gallonsperhour(80°includedangle),wereinstalledto spraydown-
wardatrightanglesto themetalvaporflow. Thenozzlewiththenarrow
sprayanglewasnearesttheinlettothespraychambersothatliquiddid
notstrikeandcooltheinletduct. Thecondensingmediumwastakenfrom
a 55-gallondrumandpassedthrougha flowcontrolvalvetothespray. nozzlesby meansofa gearpump.

.
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Separationoftheproductfromtheinertinggaswasaccomplishedby
collectingtheunvaporizedhydrocarbonsmdpartofthecondensedmagne-
siumparticlesina 20-gallondrumbelowthespraychamber.Thehy&ro-
carbonvaporswiththeportionofmagnesiinnparticlesnotalreadyremoved
by thefirstcollectorwerecondensedina-pairof ice-water-cooled‘- ‘“
Heliflawcoilsandcollectedina second20-gallondrum.

h ordertopreventanylossofthemetalparticlesfromthesystem,
theinertinggaswaspassedthrougha bathofhydrocarbonfollowedby a
feltfilter.A water-cooledheatexchangerwassituatedinthelineto
condenseanyhydrocarbonvaporspassingthefilter.Thefinalpipingwas
connectedtoa 4-inchvacuumlineservicedby a 225-c@ic-foot-per-minute
Beach-Russvacuumpump.

Theconcentrationofthevapor-condensationproductwascarriedout
asa separateoperationwitha bowl-typelaboratorycentrifuge.@though
thisunitwasdesignedprincipallyforliquid-liquidseparation,itwas
foundcapableof concentratingsmallbatchestoapproximately50percent
solidscontentby weight,witha clearliquiddischarge,atrotorspeeds
of30,000to40,000rpm. ,.,

Instrumentation

Theinstrumentsemployedonthemagnesiumvaporizationunitconsist-
ed oftemperature,pressure,andflowmeasuringdevices.Self-balancing
potentiometerswereusedforrecbrdingandindicatingtemperaturesof
thermocouplesatvariouspointsinthesystem.Thermocouplewellspro-
tectedthethermocouplesextendingintothemagnesiuminthepot. All
thermocouplesweregroundedtotheinstrumentcaseby meansofa 1-
microfaradcondenserto eliminatealternatingcurrentdisturbancefrcm
theinductioncoil.Thepotpressureend_after-spraypressurewerein-
dicatedbya 30-pound-per-square-inchgageanda 36-inchU-tubeiu?rcury
manometer,respectively;thesepressureswerealsorecordedby a seM—-
balancingpotentiometerwiththeaidofpressure-sensingelements.The
flowofheliumandhydrocarbonwasmeasuredby mmns ofrotameters.
Powerinputtotheinductionunitwasmeasuredby a wattmeter.

DESCRIPTIONOFMATERIALS

Magnesium

Variousformsofmagnesiumwereusedforchargingthepot. Among
thesewasatomizedcellpowderof99.8percentpuritywitha particlesize
rangingfrom16to 200mesh. Smallmagnesiumchipswerealsoemployed.
A moresatisfactorypotchargewasfoundinl-inchstripsof l/8-inchmag-
nesiumwire. Thewirehada purityofapproximately99percentfree
magnesium.

“
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CondensingMedium

Thehydrocarbonmixtureusedasthecondensingmediuminthemajor-
ityoftherunswasMIL-F-5616gradeJP-1fuel(tableI). A fewinitial
runsweremadewitha mixtureof90percentn-heptaneand10percentJP-1.

Helium

Analysisoftheheliumindicatedittobe freeofwaterando~gen.

PROCEDURE

Preparationfora testrun,followingassemblyoftheequipment,
consistedinfillingthepotwithabout3 poundsofmagnesiumandti-
spectingtheunitforleaks.Thesystemwasevacuated,purgedwithhe-
liumto removealloxygen,andpressurizedtoabout3.5poundspersquare
inchgagewiththeinertgas.

Withno flowofmaterialsthroughthesystem,powerwasappliedto
heatthepot,thehelium,andtheorificesection.Sufficientheating
ofthesethreeitemswasrequiredbeforeflowwasinitiatedtoprevent
condensationofthemetalvaporsbeforetheyreachedtheshock-cooling
condenser.

Whentheliquid-magnesiumtemperaturereached1400°F, flowwas
startedthroughtheapparatusas follows:(1)Heliumwaspassedthrough
theresistanceheaterandintothePotj (Z) thepressurewasreduced
downstreamoftheorificeby meansofthevacu~p~pj and(3)thehydro-
carbonwassprayedintotheshock-coolingcondenser.As thevaporpres-
sureofthemetalincreasedwithfurthertemperaturerise,thepressure
inthepotwaskeptconstantthroughmanualadjustmentof thehelium
flow. Thepressuredownstreamoftheorificewasheldconstantby a
manuallycontrolledairbleedvalveat thevacuum-pumpinlet.Shutdown
requiredthecuttingoffofpowerto theinductionheaterandreduction
oftheheliumtemperature.whentheuguesiumtemperaturedecreasedbe-
low1200°F, theheliumheaterwasturnedoffandtheflowofthegasre-
duced;thevacuumpumpandthecondensingliquidspraywerestoppedand
themagnesiumallowedto coolto 200°F. A slightpositivepressureof
heliumwasmaintainedthroughoutthecoolingperiod.

Theproductfromthevapor-condensationprocesswaspumpedthrough
a 100-meshscreen,whichremovedthecoarseparticles.Afterthorough
mixingwitha turbinestirrer,samplesoftheproductweretakenfor
analysis.Concentrationofthemixturefrom0.5percentto 50percent
by weightofsolidsfollowedinthelaboratorycentrifugeat a feedrate
ofabout500cubiccentimetersperminute.
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Specialprecautions.- A certaindegreeofhazardwasinvolvedin
thedisassemblyandcleaningofequipmentandinthestorageoftheprod-
uct. Severalfiresstartedwhenthepipingattheor_ificeagdthespray

●

chamberwasopened.Steamcleaningwasemployedforremovingthemag-
nesiumdeposits.inthepipingandusuallyresultedin ignitionofthe
magnesium.Duringthecleaninganddisassemblyoperations,protection
forthefaceandhandswasnecessary.Cleaningof theslurrycollectors
wasadvisableas soonaspossibleafterremovalofproductsinceevap-
orationofthehydrocarbonresultedinspontaneousignitionoftheex-

.-

posedmagnesiumparticles.Theprincipalprecautiontakeninstoringthe
concentratedproductwaskeepingthematerialina closedcontainerand ~
themagnesiumparticlescoveredwithliquidhydrocarbon.

Chemicalanalysisofsolidproduct.- Theanalyticaldetermination
forfreemagnesiumcontentinthesolidproductwascarriedoutgravimet-
ricallymTheslurrywastreatedwithacid,andtheliberatedhydrogen
wasconvertedtowaterby passingitthrougha combustiontraincontain-
ingcupricoxide.Theweightoffreemetalwascalculatedonthebasis
oftheweightofwatercollected.Thetotalmagnesiumcontentwasdeter-”

—

minedgavimetricallyby precipitatingthemetalfromtheacidsolution
with8-hydroxyquinoline.Theaccuraoyofthemethodwasfoundtobe
withinAO.1percent,withmagnesiumsulfateusedasa standard. n“

Particle-sizeanalysisby sedimentation.- Dataforthesizedistri-
butionofthemagnesiumparticlesintheproductwereobtainedaccording b
tothemodificationoftheCasagrandemethodofparticle-sizeanalysis
proposedinreference9 witha long-mmcentrifuge.Thismethodhadto
be furthermodifiedtoaccommodatethelowerdensitiesofthematerials
involved.Thespecific-gravitydeterminationsweremadeusinga Westphal
balanceinsteadofa hydrometer.

OPERATIONALANDDESIGNPR28LEMS

Thevaporizationunitdescribedinthisreportandoperatedat the
presenttfmeisthedesignevolvedfromthesolutionofproblemsencoun-
teredinseveralattemptstoproducehigh-purity,submicronmagnesium
particlesby vaporcondensation.A discussionoftheseproblemsandtheir
solutionisbelieveddesirabletoaidotherswhomaywishtopreparefuels
by thismethod.

Atomizedmagnesiumpowderservedasthestartingmaterialinthepot
untilitwasfoundthathighheliumflowscarriedthepowderfromthepot,
causingcloggingoftheorificeandcontaminationoftheproductwith
largeparticles.Magnesiumchipsalsoproducedcloggingoftheorifice.
Shortstripsofmagnesiumwireweretooheavytobe affectedby thegas
flowandthereforeprovedtobe a satisfactorychargematerialforthe
vaporizingpot.
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Thefirstvaporizingpotwasconstructedfromgraphitetowithstand
1 thehightemperaturesendattackfromthemagnesiumvapors.Itsporous

structurerequiredan enclosingshellwhichalsocontainedtheinduction
coilandhigh-temperatureinsulation.Thesystemwasoperatedundervac-
uumconditions,andheliumwasusedtopressurizethepotshell.Withthis
arrangement,severearcingacrosstheinductioncoilwascausedby the
presenceofhelium.

b!
P Revisionofthefurnaceto thedesigndescribedintheApparatus
w+ sectioninthisreporteliminatedthedifficultyofarcing.AnAISItype

347stainless-steelpotwasusedinthissecondassembly,butthemag-
nesiumvaporreactedsufficientlywiththealloyednickelto causea
leak. Consequently,a thirdpotmadeofmildsteelwasInstalled.Al-
thoughlimitedinserviceby thesevereoxidationoftheexteriorofthe
potresultingfromthehigh-temperatureoperation,themild-steelpot
provedsatisfactory.

Cloggingofthesectionbetweenthepotandthesprayareawasa
constantproblem.Intheinitialrunswithno restrictionattheoutlet
ofthepot,a cokeplugformedas a resultofthethermalcrackingofthe
hydrocarbonspray.Thisapparentlyarosefromthediffusionoftheor-
ganicvaporsintothehotterportionsoftheapparatus.Thecokeforma-
tionwascompletelyeliminatedthroughtheinstallationofan orifice
betweenthepotandthesprayarea.

Furtherclogginginthepiping,beforethecondensingspray,was
causedby condensationofmaguesiuminthissection.Thecondensation
wasrelatedto thedesi~ characteristicsandtemperatureoftheorifice
andcondensersections.By heatingthepipingbetweenthepotandthe
spraychamberto a temperatureabovethemeltingpointofthemagnesium,
metaldepositionintheorificewaspracticallyeliminated.Replacement
ofthesharp-edgeorifice,usedinmostof theruns,witha converging-
divergingonefurtheralleviatedclogginginthissection.

Cloggingat thespray-areainlet,wherea temperaturetransition
occurs,variedwiththedesignof theshock-coolingcondenser.Priorto
adoptionof thespray-chambertypeshowninfigure3,thecondenserusu-
allyconsistedofa nozzlesprayingthehydrocarbonupstreamordownstream
inthepipeleadingfromthepot. (Thistypeofdesignis illustratedby
thedouble-Ycondensershowninfig.4.) Thespray-chamberdesignwas
basedontheassumptionthattherapidbuild-upofa magnesiumpluginthe
double-Ycondenserhadbeendueto thecoolingeffectofthesprayonthe
wallsofthepipingandtothenarrownessof thepassage.Thespraycham-
berprovedsatisfactoryinthatonlya smallamountofmagnesiumwasde-
positedintheinletarea.

Separationoftheproductfromtheheliumwasfirstperformedbya
2-inchcycloneseparator.Theseparatingefficiencyofthisunitwasnot
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veryhighbasedon.theamountof solidaccumulatedinthefeltfilter
followingthecycloneseparator.Furthermore,theinteriorofthecyclone
showeda build-upof sludgeonthewalls.A more”efficien~separatorwas
foundintheEeliflowcoils.Theeffectofthisequipmentwasto con-
denseallthehydrocarbonvapor~d therebytowashoutthesolidparti-
clesinthegasstream.A hydrocarbonbathandfeltfilterwereeffec-
tiveinremovingthefinaltracesof solidpa~icles.

Theuseofa mixtureof90percent~-heptsmeand10percentJP-1
fuel(volumebasis)as thecondensingmediuminthefirstfewrunsproved
undesirableat thelowoperatingpressures.Withtheafter-spraypres-
sure(downstreamoforifice)below2 poundspersquareinchabsolute,the
n-heptsmeshoweda tendencytoboil. TheJ&l fuelitself,beingless
~olatile,gavegoodresultsasthecondensingmediumInlaterruns.‘ —

.-

DISCUSSIONOFRESULTS

Thedataandresultsobtainedinthevaporcondensationofmagnesium
areshownintables11and111,respectively.Theon-streamtimeisthe
intervalofoperationfromtheinitiationofflowuntiltheinduction
heatingwasdiscontinued.Themagnesiumdistillationrateistheloss
inweightofthecrucibleanditscontentsduringtherundividedby the
on-streamtime.Alltemperaturesandpressureswereaveragedona time-
weightedbasisduringtheon-streamtime. Thepowerrequirementsforthe
inductionunitincludedtheheatingoftheorificesectionaswellasthe
vaporizingpotandmagnesiumchsrge.

A limitationintheamountofpoweravaiLibleaffectedthedistilla-
tionrate ofthemagnesium,becausetheinductionunitwhenoperatedat
fullcapacitydidnotsupplya sufficientamountof energyto produce
boilingofthemagnesiuminthevaporizingpot. As anaidtothemagnesi-
um distillation,heliumwasemployedto sweep-themetalvaporsfromthe
potintotheshock-coolingcondenser.

Heliumflowsup to 23.7poundsperhourwereemployed.Initfally,
theflowofthisinertgasintothepotservedtomaintainsoniccondi-
tionsattheorificeto stopclogging.However,itwaslaterfound(in
run29)thata mass.velocityoftheheliumandmagnesiumvaporsas low
as 287poundsperhourpersquareinchofcross-sectionalarea(somewhat
belowsonicvelocity)didnotleadto clogging..bymagnesiumintheheate?i
orifice.Itwasfurthernotedinrun35with.a3/32-inchorificethat
theheliumflowcouldbedecreasedto.zeroduringthevaporizationofthe
magnesiumwithoutanydeleteriouseffects.However,thecontinueduseof
heliumwasconsiderednecessaryforthestartupandshutdownoftheunit.

f

.J
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Duringa nu?iberofrunsinwhichheliumwasusedthroughouttheoP-
eration,theeffectoftheheliumtemperature

SF-m

from12CX)0to-17000F was . .
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observedwithrespectto clogging’.Theheliumtemperaturehadno effect
on cloggingas longas itwaskeptabovethemeltingtemperatureofthew magnesium.Belowthistemperature,onerun(run27)pluggedcompletely
within3 minutesfollowingtheshutdownoftheheliumheater.

Operationofthesystemwithpotpressuresbelowatmosphericpres-
sureresultedina productcontainingsolidparticlesoflowfree-metal
content.Thiswaspresumedtobe dueto oxidationofthemagnesiumby
airwhichleakedintotheapparatus.Whenthepotpressurewasraised
aboveatmosphericpressure,highproductpuritywasachieved.

Theflowrateofthecondensingmediumwasveriedbetween190and
400poundsperhourto determineitseffectonthequantityoflsrge
particlesformed.Undertheexisting
relationcouldbe establishedbetween
sprayandthepercentageof condensed
100-meshscreen.

Itwasoriginallyestimatedthat

operatingconditions,no definite
theflowrateofthehydrocarbon
magnesiumparticlesretainedby a

about20poundsof liquidhydro-
carbon,ofwhich1 poundwasrelativelynonvolatile,wouldbe required

g, to condenseandcooleachpoundofmagnesiumvapor.Vaporizationofall
but1 poundofthehydrocarbonshouldthenhaveresultedina 50percent
by weightmagnesiumslurry.Theseresultswereneverrealizedwiththe
shock-cooltigcondensersusedbecauseofthehightemperaturesoccurripg

● downstreamofthecondenserandtheconsequentrequirementofhydrocarbon
flows5 to 25timestheoretical.

Theamountoffineparticlesthatpassedthrougha 100-meshscreen
was usedasa measureoftheefficiencyofthecondensationprocess.me
100-meshscreenwasselectedbecausethisscreencontainedopeningssmall-
erthanthoseof anyorificewhichmightbe usedina fuelsystemand
therebyprecludedanyfuturestoppageof slurryf,uelflow. Theamount
offineparticlespassingthroughthescreenrangedfrom85.0to99.7
percentona weightbasis.Theaveragefortherunsevaluatedwas95
percentby weight.Thematerialpassingthe100-meshscreenwasusedfor
furtheraIlalySiS.

Theshapeandsizecharacteristicsofthesolid-metalparticlesob-
tainedfromthemagnesiumvaporizationwerebestobservedby meansof
electronmicrographsoftheproductfromrun29 (fig.5). Thehexagonal-
shapedparticleswerenotseeninearlierelectronmicrographsof less-
puresolidproduct.Anotherobservationregardingtheshapeoftheparti-
cleswasmadewhenthepoorpenetrabilityoftheelectronmicroscopewas

/ considered.Theelectronmicroscopeusuallywillnotpenetratea material
greaterthan500angstromunitsinthickness.Therefore,itwasassumed. fromtheobservedtranslucenceofmanyoftheparticlesthattheseparti-
cleswereintheformofthinplates.

.
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Theparticle-sizedistributionofthemetalparticlesfromrun29
wasdeterminedby centrifugalsedimentationanalysis.Theresultindi-
catedthat33percentby weightoftheparticleswerefinerthan1 micron
inequivalentsphericaldiameterand73percentby weightfinerthan2“
microns(fig.6).

Thepurityofthesolidsportionofthevaporcondensationproduct
rangedashighas 98.9percentby weightfreemagnesium.Thevaluesof
thesolid-productpurityinthefirstcollectorwereusuallyhigherthan
thoseinthesecondcollector.Thisdifferenceinpuritywasattributed
to leakageofairintothesysteminthevicinityofthesecondcollector.
Itwasnoticedthatthedifferenceinpuritybetweentheproductinthe
twocollectorsincreasedasthepressuredownstreamfromtheorificewas
decreasedbelowatmosphericpressure.~ogeneral,theleakageofair
intothesystemthroughpipeunions,sightgages,andotherfittings
accountedforthelowpuritiesresultinginmanyoftheruns.Duringthe
operationofrun34,a leakoccurredinthesightgageofthefirstprod-
uctcollector,whileonthecompletionofrun35 itwasnotedthatan
inspectionportinthespraychamberwasnottightlysealed.Althougha
consistentlyhighpurityproductwastheuItimategoal,thiswasnotthe
PQose inHY oftherus inwhichitwas more urgenttoeliminatethe
cloggingproblem.

Theconcentrationoftheproductfroma O.S-percentslurrytooneof
50-percentsolidscontentresultedina wetclay-likemassthatwasex-
tremelyviscous.Whensliced,theexposedsurfacehada metallicluster
similarto sodiummetal.Thedensitiesandconcentrations(calculatedas
100percentfreemagnesium)offivecentrifugedsampleswereas follows:

.—

Sample

1

2

3

4

5

Density,
g~cc

1.124

1.155

1.075

0.973

1.129

Solids,
percent

53.7

57.3

47.9

33.5

!54.3

A smallquantityof concentratedproductwasfluidizedby theaddi-
tionofa surfaceactiveagent.Approximately1.3percentbyweightofa
glycerolsorbitanlauratewasrequiredto lowertheviscosityoftheclay-
likemasstobetween5000and10,000centipoises.Thisslurryfuel,with
a 53.4percentby weightsolidscontent,wasburnedina smallexperimental
combustorwithpromisingresults.

f

u

+J
l-im
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SUGGESTEDIMPROVEMENTS

Furtherimprovementinthepurityoftheproductshouldresultfrom
theexclusionofairfromtheentiresystemby operatingatpressures
greaterthanatmospheric.A vaporizingpotmadeofa materialmorere-
sistanttohigh-temperatureoxidationthanmildsteelandalsoresistant
toattackbymagnesiumvaporwouldbedesirableforcontinuousoperation
oftheunit. A largera-’---L’--..-JLB-—-.-—-.->—.——L.–-..–—.–------––-...
improvetheperformance

Thefollowingresultswereobtainedfromthepreparationof slurry
fuelsby condensingmagnesiumvaporwithliquidhydrocarbons:

1.Of thesolidparticlesformedbythecondensationofmagnesium
vapor,95percentby weightpassedthrougha 100-meshscreen.

s
sQ 2. Sedimentationanalysisofthescreenedfractionfromonerunti-

dicatedthat73percentby weightoftheparticleswerefinerthan2
g micronsinequivalentsphericaldiameter.

3.Thepurityofthesolidparticlesrangedas highas 98.9percent
Q by weightfreemagnesium,.

4.Theconcentrationofa diluteslurrycontaining0.5percentby
weightmagnesiumto onewitha solidscontentofapproximately50percent
by weightproducedan extremelyviscous,clay-likemass.

5.A pumpableslurryfuelresultedfromtheadditionofa surface
activeagentto theconcentratedmaterial.

LewisFlightPropulsionLaboratory
NationalAdvisoryConunitteeforAeronautics

Cleveland,Ohio,November24,1953
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TABLEI. - ANQYSIS OFMIL-F-5616GRADEJT-1FUEL

A.S.T.M.distillation
D86-52,‘F
Initialboilingpoint
Percentageevaporated

5
10
20
3Q
40
50
60
70
80
90
95

Finalboilingpoint
Residue,percent
Loss,percent

7311
330
337

350
357
366
376
384
394
410
420
423
1.0
0 I

Specific&avity,60/60°F 0.797
Gravity,‘A.P.I. 46.0
Viscosityat 32°F, centistokes2.087
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TABLEIII . - ANALYSISW PRODUCTOFMAGNESIUMVAPORIZATIONUNIT

1
2
3
4
5

6
7
8
9
10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

Purityofsolidsa
FreeMg infirst FreeMg insecond
collector,percentcollector,percent

b37.3
(b)
~;

(c)

79.4
98.0
98.9
95.6
81.4
95.6
66.7
56.9
35.7

b47.5
g{

(c)
(c)

(c)
51.6
30.1
57.5
66.1
22.3
53.2
62.6
72.1
88.2

55.0
84.9
83.1
83.0
88.4
93.9
67.4
89.7
83.0
37.5

76.6
73.5
42.8
97.8
89.6
71.7
75.5
84.1
(c)
{c)

unt offinepar-
lesthrough100-
h screen,per-
t by weight

(c)

97.0
98.9
99.7
88.6

98.7
97.1
85.0
97.7
94.0

98.3
90.8
93.8
97.7
(c)

aLawsolid–productpurity,ingeneral,wasduetoairleakinginto
system.

bCarbonpresentinprodnct.
cNotdetermined.
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